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I?ATIONALADVISORYCOMMITTEEI’ORAERONAUTICS

TECHNIC~ NOTE HO. 426

COMPARATIVEPERFORMANCE03’A POWERPLUS

VANE-TYPESUPERCHARGERAND AN N.A.C.A.

ROOTS-TYPESUPERCHARGER

By OscarW. Scheyand HermanH. Ellerbrock,jr.

simM.RY

This reportpresentsthe resultsof testsof a Fower-
plus superchargerand a comparisonof itsperformancewith
theperformancepreviouslyobtainedwith an H.A.C.A.Roots-
type supercharger.The Powerplussuperchargeris a“posi-
ti.vedisplacementblowerof the vane typehavingmechanic-
ally operatedvanes,the movementof whichis controlled
by slotsand eccentrics.The superchargerwas testedat
a rangeof pressuredifferencesfrom O to 15 inchesof mer-
cury and at speedsfrom 500 to 2S500r.p.m. The pressure
differenceacrossthe superchargerwas obiaineaby throt-
tlingthe intakeof a depressiontankwhichwas interposed
in the air &uctbetweenthe superchargerana the Durley
orificebox useilfor measuringthe air.

-.

The resultsof-thesetestsshowthatat low pressure
differencesana at all speedsthe powerrequiredby the
Pow’erplussuperchargerto compressa definitequantityof
airper seconais considerablyhigherthan thatrequired
by theRoots. At pressuredifferencesfrom10 to 14 inches
of mercuryand at speedsover2$000r.,p.m.the powerre-
quirementsof the two superchargersarepracticallythe
same. At a pressuredifferenceof 15 inchesof mercuryor
greaterantiat a speed,of 2,500r.p.m.or greatertheper-
formanceof thePowerplussupercharger1s slightlybetter
th

F

that of theRoots. Becausethe Fowerplus.supercharger
ca ot be op9rateclat a speedgreaterthan3~000r.p.m-as
co pareawith 7,000r.p.m.for the Roots,its capacityis b
approximatelyone-halfthatof the Rootsfor the same .

bulk. The Powerplussuperchargeris more complicatedand
less reliablethanthe Roots supercharger.
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INTRODUCTION”

The experimentalwork in this countryon aircraften-
gine superchargershas beenconfinedpr$pcipallyto the
developmentof the centrifugaland th6Roots-typesuper-
chargers. Littleattentionhas been givento ~he devel-=
opmentof either-thereciprocatingor thevane-typesuper-
chargers,becauseof theirgreaterweightybulk$and com-
plicatedoperatingmechanism. ~

As”~liegearedcentrifugals~percharger’hasa high
adiabaticefficiencyand canbe convenientlybuiltinte-
gralwith a radialengine,it is at presentused more than
any othertypeof supercharger”.It is consideredhighly -
satisfactoryfor maintaininggroundlevelpressuresto low
criticalaltitudesbut is not.assatisfactoryfor-high #
criticalaltitudes.At leasttwo.gearratiosmust be used
betweenthe engineand the superchargeror a largeamount
of throttlingwillbe necessaryat low altitudesto pre- <

vent overchargingof the engine.

The use of the turboceritrifugalsuperchargeris par-
ticularlyattractivefor highaltitudew:’.ereitsperform-
ance is superiorto any othertype. It Is not used exten-
sivelyexceptfor specialpurposesbecause,amongother
factors,the largeamountof pipingrffquiredmakesa very
cumbersomeinstallation.

The Roots superchargeris a simplemachinebut its
use on aircraftmakesa morebulkyinstallationthanthe
gearedcentrifugal.It operateson a ~lsquaretlcardre-
sultingin ~igh‘powerrequirementsat largepressuredif-
ferencesas comparedwith superchargersoperatingwith an
adiabaticcompression. ,,,’

A knowledgeof the coniparativeperformanceof the dif-
ferenttypesof superchargersundervariotisoperatingcon-
ditionsis essentialin orderto selectthe supercharger.
best suitedfor a particularconditionof service. The
NationalAdvisoryCommitteefor Aeronauticshas conducted
severalinvestigationson superchargersto obtainthisin-
fo.rrna{io~.,(Ref-erences1, 2, 3, and 4.) Recentlythe Bu-
reau of Aeronautics,NavyDepartmentssubmitteda Power-
PIUS vane-typesuperchargerto the Cotiitteefor testing.
Theperformanceof the superchargerwas determinedfor
pressurediffere~ces”bfO, 3, 6, 9, 129 and 15 inchesof
mercuryand at speedsof 500,1,000,1,500,2,000and
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2,500’r.p.m. This“;~~or~:pre~eit.~”’the”r;s~~~t-s~of“these
test’sand a compart,scmof.the pe.rf,o:rrnariq-~.o,f”thePower-
plus vane-typesu-perchargprwi.$h,..!,hat“,Q.<i~e-N●A.C$.As
Roots-typesupercharger.. ..: ii,....,.., ,,,.,:.,~y:~...-. ~>..,.-,.,,.

DESCRIPTIOQQFc.THEPOWER,PLUSS~ERCHARG~R---.-,-..... .. . . ....”.”-~”...,.. ....$.- .;”.,...:..:..!.,.,.. ... .-.-
The Powerplus-supercharger”~s‘~.av.arie$Yp+ “~i,~h’~mechan-

icallyoperatedvanes.h,avhg,arestrictedraovemenf”aTlits
movementts governed:by slotsand;ecceqtricsso thatthere
is alwaysa smallclearance.,betye,en.~h?-%“ipsof tunevanes
and the supercharger,,case~ The,ass.emb.le? supercharger
with oil punpand oil.:li.ne.sin place.is.,sbhownin Figures
1 and 2.:’ ---- . ..: ,,.,. .. . .. .

,. ., .. ”..:.,
tTheoperating,’pr.ino$pleo% ~“he~upercha~~eri.sas

follows:Air entersthe superchargerat A (fig..3) and is
trappedbetweentwo s~cc.essiyevanes. As t-hedrumB re-
volves,the air is,cgmpreSsed..%eCausethe spacebetween.
the drum and the case O dim$nishes.,,the drumbeingmount-
ed eccentricallyin the case.,The compressedair is”u~isu
chargedthrough.t-heoutlet D? A~ the drum revolves -it
exerbsa sidapressure.on the,vanes,- causingthe ecceh.-
tric~upon whichthe vane-sare mgyntedto revolveandhold
theproperclearancesbetweenthe vanesand the case.

An exp~cdedView of.the superchargerwith‘the“~’ar~s
designatedfor convenienceis shownin 3’igure4. The“
casing1 is made of elektron(amagnesium-basealioy)<or
lightnessand is ribbedfor strengthaad cooling.-~” ‘:;,

Tlaeassembly.2 of thevanesand eccentricsOrith&~lay-
shaftis showno Two setsof vanes of air-hardenednt&el-
chromesteelopefcatein the drum at righta~-glesto each
other~ Eack set consistsof tw’Gvanesand extendsacross
the case. The hubs of each set are i%iegralwith th6
vanes=Qd arsprovidedwith case.~hard~zpqdsteelbushings
w-hichs~~rveas b+aringsurfacesfor the bronzeeccentrics.
Thereare two eccentricsat each en~ tifthe Iayshaf%which
are beltedtogetker:”18Q”out of phase. They turn on the
layshaft“andin the hardenedsteelbushingsand regul-ate
the m~~wnentof t@.evanes so that the~r.op-erclearance:.is
main-teinedb~tneen-the-.~ipsof the ;&ne,san”d’..the‘-cas&k”-.
The layshaftdoesnot rqt.ate;but servesas a su’pportfor
thevanes and eccertt.ri,cs.when assemble-d~.inthe case-.... ....,.. .’

. --
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On eachend of the layshaftis a bearing3, a ,~r.onze
beqing housing4, and a mildsteel nut 5 which screwson
the bearing.housingand holdsthe bearingin position.
The iiskein’blyof thesepartsfitsUY,againstthe eccentric
and acts as a thrustbearingto hold thevanesin the
properaxialposition.

,....... . .
Parts”6’,“7,:8,‘&nk9, the four quadrantsof the drum,

are made of duraluminand are of skeletonconstruction
for lightness.Note the fivebronzepads,10 in each
quadrant,to reducethe wear on the vanesand to reduce
the frictionwherethe vanescontactwiththe drum. Each
quadrantof tliedrum fitsbetweentwo vanes. Thefour
quadrantsareheld in placeby ~’ii’osteelrotor-endrings
11,one of whichis b“oltedto each,endof the drumassem-
bly. Only thering on the antigearend can be soonin
Figure4, the one on the gearend beingasseubledto the
intermodiatoplate13 on the oppositesideto.that shown.
The brass oil ring12 fits,inthe rotor-endring 1.1.0

The drumis held”iritheprcperpositionin the case1
by two ball bearings,one on each end. Thesebail bearings
cannotbe seenbecauseone is.on the oppositesideof ro-
tor-endring 11 and the otheron the oppositesideof in-
termediateplate13. .Theinnerrace of eachbearingis
fittedover a flangeon eachof rotor-endrings11; the
outerrace of thebearingon the antigearend fits in the
endplate18 and the one on the gear end in intermediate
plate,13.+ Bear in mind thatthe shaftsupportsthevanes”
and the.ecc,entricsand doesnot provideany supportfor
the drum..Thedrivengear14 of air-hardenednickel-
chronesteelis beltedto the steelrotorring 11, A
shoulderon the drivengearfits in theball bearingwhich
is held in placeby the steelretainingring 15. A brass
oil retainingringis shownas part 16.

The endplate19 is boltedtc the intermediateplate
13. It supportsthe drivingshaftsfor the drum and the
Boschpump and one end’ofthe layshaft. Thisplate,like
plates13 and 18~ is made of elektron. It has bearing
housingsin it for one of thebearingsof the drum drive-
shaftand for thebearing of the pump driveshaft.Two
ball’bearingsand the drivinggear 21 are mountedon the
dr.&eshaft:20. The driviaggearis made of air-hardened
nickel-chromegteol,aqd,has65 tooth. The dribongear
14 has 39 teethwhichmakes.agear ratioof 1.66. One
bearingon the shaftfitsin the bearinghousingof the
endplate 19 and the otherbearingfits in housiag22 in

J

.
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the intermediateplate 13. Thepump 23 is mountedon the
support24 and is drivenby a shaftin the end plate, The
pump speedis 3-25 timesthatof the drivingehaftof the
supercharger.The nuts 25 and 26 are screwedon each end
of the layshaftand they serveto locatethe drumin the
case~

The operationof the superchargeris as follows: The
gear 21 drivesthe gear 14, which is boltedto the rotor-
end ring. The drum is alsoboltedto therotor-endring
and wtll thereforerotatewhen gear 14 rotates. The drum
in rotatingcarriesthe vaneswith it, and the vanesin
turn actuatethe eccentrics.The eccentricsrotatetwice
as fast as the vanesand alway’smaintainthe latterin the
correctpositionwith respectto the case,

Somephysicalconstantsof the superchargerare:

Displacement 0.544cu%icfootper
revolution

Fixed”compressionratio 1.53 ‘ “

Maximumspeedof drum 3,000 r.pama

-Weight 119 pounds ‘ “

The superchargeris lubricatedwith castoroil by an
oil systemindependentof that of the engineto whichit
may be attached. The Boschptip whichdistributesthe
oil is providedwith one intakeand sixdiechargeopen-
ings, One of the dischargebpeningsis connectedby an
oil duct to a pressuregaugeand five are connectedby
oil ductsto the superchargerat the followingpoints
(fig.4): one on each end of layshaft,one on the endplate
19~ and two at 2’7on the endplate 18. The connectionon
endplate 19,is so locatedthattuneoil can flow overt-ne
gearsin the gear case. The oil is drainedfrom the case
througha connectionat the bottom.

The L-shapedconnection27 in endplate 18 is so lo-
catedthat the oil in enteringfallson the portionof the
brassoil ring12 that is shapedto catchthe oil. The
oil is then thrownout by centrifugalforceinto the oil
groovesin thering. This”oil thenpasseethroughholes

‘“runninglengthwisein the drum quadrantsand thencethrough
holes in the bronze’learingpads. This oil lubricates”the
surfacesbetweenthe movingvanes a-ridthe,druri.“: ““.,, .. .... .’. ..:.-,...,,+
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The eccentricbearingsurfacesare Lubricated’through
the oil connectionson eachend of the Iayshaft. Passages
are providedin the shaftand in the eccentricsto convey
the oil to the bearingsurfaces. The oil is thrownout
by centrifugalforce,afterleavingthe surfaces,against
the insideof the drum quadrants.Passagesare provided
in the quadrantsto carrythe oil back to the gear case.
However,as onlya smallamountof oilwas drainedfrom
the case and a largeamountpassedout throughthe dis-
chargeit’seems.thatmost of the oil esoapedthroughthe
spacesbetweenthevanesand bearingpads in the quadrants.

In or~erto supply4 pintsof oilper hour to the su-
percharger,the amountspecifiedby themanufacturers&s
essentialfor properlubricationsthe oil tankmust’be
keptunder a pressurehead. A connectionis provided’on
the superchargercase so thatunder serviceconditionstho
pressureon the oil tankis maintainedbythe supercharger.

●

☛

TESTPROCEDURE,EQUIPMENT,AND UETEODS

Beforeany testswere conductedon the supercharger
the 3oschpumpwas testedseparatelyto determinewhat
pressurehead shouldbe maintainedon thepump and also
whetherit deliveredthe required4 pintsof oilper hour.
In thesetests thepump was drivenby an electricmotor.
The motorwas providedwithvariableresistanceso that
pump speedsdf 1,050, 3,000, 4,200,and 5,000revolutions
per minutecouldbe obtained. The rate of dischargewds
determinedfor thesespeedswith O, 20, 40, 60, and 80
poundsof pressureper squareinch on the supplytank.
The durationof.eachrun was 1 hour.

Becausethe superchargerwas new it ‘wasIlrunin!!at
sp~edsup to 2,200r.p.m.beforeany performancetests
weremade. Itsperformancewas thendeterminedfor speeds
of 500,1,000, 1,500,and2,000r.p.m.at pressurediffer-
encesof O, 3, 6, 9, 12, and 15 inchesof mercuryfor each
speed. Thesetestswere followedby furtherrunning-in
testsup to a speedof 2,800r.p.m.whereuponitsperform-
ance at a speedof 2,500r.p.m.was determinedfor eachof
the abovepressuredifferences.No testwas made at its
maximumdrum speedof 3,000r.p.m~becausethe supercharger

.-nevermttained,,aspeedover2,800r.p~m.withoutseizing.
Troublewas experiencedfromtime to timewith thevane ,
clearances,as is explainedlater~

.
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The superchargerwas drivenby an electricdynamome-
ter and.thetorqueindicatedbY a Xron scale. Thehorse-
power”absorbedby the superchargerwas-computedfrom the
scalereadingxmd the dynamometerspeed. The amcuntof
air deliveredby the superchargerwas measuredby meansof
the Durleyorificebox. From the measurementof thepres-
suredrop acrossthe orificeand the”temporatureof the
air enteringthe orificestheweightand consequentlythe
volumeof air couldbe talc-ulated.Pressuredifference
acrossthe superchargerwas’obtainedby throttlingthe in-
tako of a 72-cubic-footdepressiontankplacedin the air
ductbetweefithe superchargerand the orificebox.

●

The datafor the Roots superchargerof 0.509-cu3ic-
foot displacementper revolutionwere takenfrom N.AiC.A.

. TechnicalReportHo. 204 (reference1) and were corrected
to the samedisplacementas that of the.Powerplusby multip-
lying the valuesby 0.544/0.509,the ratioof.the capaci-

. ties of the two superchargers.For furtherinformation
on the methodof conductingthe testsand calculating”’the
results,see references”5and“6.

.“.
. .

RESULTSAND DISCUSSION

.
The resultsof the 3oschpump testsare shownin Fig-

ure 5. The amountof oil delivered@y t-hepump increased
bothwith the increaseof speedand~~~rimarypressurebut
the increasewith the pressurewas hot very large. Bo77ev-
or, it was decldetialwaysto have a prinarypressureof
not less than40 pou.nd.sper squareinchon t-he.tan~kowing
to tho fact thatat 20 poundsper squareinch the amount
of oil deliveredfell off considerablyat the higherspeeds.
A pump speedof 3,500revolutionsper minutehad to be at-
taineii%eforethepump delivered4 pintsof oil per ho-m-.
However,throughoutthe testsit was notedt-hatthe super-
chargerhad sufficientoil at low speea,even though4
pintswere not used; the 4 pintsper hour specifiedmust,
therefore,referto the highersuperchargerspeeas.

In ortlerthat the performanceof thePowerplussuper-
chargerat variousconditionsof pressureand speedmay to
more fully appreciate it ‘hasbeen comparedwith theper-
formanceof a Roots superchargerfor the sameoperating
conditions.Thepressure-volumecardsfor the Rootsanti
the Poworplussuperchargersare shownin Figure6. Tho
Roots superchargeroperateson a squarecara,the air being
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compressedwithinthe superchargerby theback flow of the
compressed-air, The Powerplussuperchargerhas a fixed
compressionratioof 1.53. All air takenin istherefmre
reduced.fn volumeto 1/1.53of the‘i-titakevolumebefore
it comesin contactwith the dischargedair, afterwhich
its pressureis eitherincreasedor decreased,depending
on the pressureat the superchargerexit. If the exit
pressureis higherthan thepressureof the compressedair
withinthe supercharger”the dischargedair will rushback
and fuathercompressthe airwithinthe supercharger;
.w-nereas,if theprossureat tho exitis lowerthanthat in
tho supercharger,as in i?iguro6, tho compros~odairwfll
rushout until thepressurewithintho caso is equalto
thoprossuroat the exit.

The pressure-volumecardsin Figure6 &re basedon a
~ressuredifferenceacrossthe superchargerof 8 inchesof
mercuryand thevolumedisplacedby one of the fotirvanes
or lobes, A compressionexponentof 1.40’7was assumedfor
the Powerplussupercharger.Note thatfor the intakeand
dischargepressuresgivenin FiguYe6 thatthepressure
withinthe caseof the Po~erplussuperchargeris 39.87
inchesof mercuryjust beforethe air botweontwo success-
ive vanes startsto flow throughtho dischargeoponing.
Tho onorgyused in cornprossingtho air to a prossurahigh-
er than tho dischargopressureis wasted. This energyis
representedby the area A. The area B representsthe
amount of unnecessarywork doneby theRootsbecausethe
air rushesbackand must be expelledagain. From a theo-
reticalconsiderationofthe power requirementsof the two
.s.uporchargers,it is obviousthat thePowerplussuper-
chargeris betterthan theRootsfor all conditionswhere
the”area A is less thanthe area ‘B. It is also obvious
that thepowerrequirementsare in f%vorof the Powerplus

.*;when thepressuredifferencesacrossthe superchargerare
large and thatthey.are mostfavorableto the Rootswhen
thepressuredifferencesare small.

l?heperformancedataobtainedim the laboratorytest
of “thePowerplussuperchargerare givenin TableI. ,,

.

.
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3
4
5
6

7
8
9
10
11
12

13
14
15
16
17
18

19
20
21
22
23
24
27

28
29
30
31—

N.A.C,A.TechnicalNoteNo.426

TK8LEI

l?ERFO~RMANOEDATAJFORTHEPOWERPLUSV4NE-TYPESUPZROHARGER
——
Super-
charger
Bpeed
(r.p.m.)

——.—

493
473
505
487
528

1023
1016
995
1005
992
1005

1505
1513
1520
1506
1500
1481

2012
2018
2002
1998
1%0
1944
2009

2530
2510
2500
2503

Pres-
8ure
differ-
ence
(in.Hg]

3*1O
6.15
.20
8.85
12.22

.34
2.97
5.90
8.94
11.90
14.85

.38
2.95
5.94
8.97
12.20
15.15

.7’1
3.05
6.08
9.05
12.oo
15,00
6.OO

.80
3*OO
6.08
*9.09

Pres-
sure
ratlo

1.115
1.255
1.006
1.415
1.679

1●011
1.110
1.243
1.420
1.650
1.966

1.012
1,109
1.245
1,4?2
1.676
2.007

1.024
1.111
1.252
1.427
1.660
1.9s0
1.250

1.027
1.111
1.254
1.435..—

temper-
atureHorse-
ratio power

TESTi
1.020 1.85
1.042 3.09
1.007 .67
1.070 4.48
1.106 6.39
TEST2
1.011 2.42
1.024 4.19
1.040 6.51
1.082 9.13
1.12621.60
1.20414.40
TEST~
1.019 5.06
1.030 7.93
1.05411,70
1.08515.10
1.14919.30
1..20123.10
TEST4
1.027
1.043
1.062
1.101
1.143
1.190
1.054

9.11
12.30
16.60
20.90
25:10
29.80
16.20

TEST5
1.02914.79
1.03918.78
1.056!23.10
1.066]28.04

Air
weight
:lboper
sec.)

0.2293
,1641.
.3127
.I.260
.Ola

.6045

.5177

.4226

.3352

.2395

.1612

.8861

.?959
. .6803
.5520
.4698
.3187

1,1765
1,0450
.9160
.??63
.6364
●4993
.8900

1.4260
1.3138
1.1245
.9670

vtilu-
rnetric
effi-
ciency
(per
cent)

7?.5
65.1
92.9
54.7
9.6

88.5
84.8
79.0
‘71.2
59.9
4?.7

89.8
88.2
84.2
78.9
79.?
65.5

89.0
85.6
85.5
83.0
81.4
76.9
m.9

87.4
88.4
85.7
85.8

~di.abatic
ifficiency
,percent)

72.4
66.0
17.0
54.0
9.3

13.76
70.4
77.4
71.8
59.0
44.6

9.7
55.8
69.9
72.5 ‘
72.4
56.6

16.5
47.9
67.4
73.3
73.1
67.5
66.8

1.4.1
40.1
60.3
71.4

*NOtestdataobtainedathigh-pressuredifferenceforthisspeed
becauseofcontacting

—
ofthevaneswiththecase.
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The curvesin Figure7 show’the horsepowerrequired
to operatethePowerplussuperchargerand a Roots super-
chargerat variousconditionsof pressuredifferenceand
speed. The curves show thatthe Roots superchargerre-
quireslesspowerat the lowpressuredifferences,espe-
ciallywhen operatingat high speeds,but at the highpres-
suredifferencesthepowerrequirementsof the Powerplus
superchargerare less for all speeds. Theseresultssub-
stantiatethe resultspresentedin theprecedingparagraph.
Bear in mind thatthesecurvesalonedo not indicatewhich
superchargeris the more efficient;they showthe horse-
power requiredto operatethe superchargersat thesevari-
ous speedsandpressuredifferences;whereas,to determine
whichis the more effioientsuperchargerthe amountof air
each deliversat the sameoperatingconditionsmust be
known. It may b

J
well to mentionhere that the Powerplus

superchargerc ot be operatedat drumspeedsover3,000
revolutionsper minute;whereas,the Roots supercharger
can be operatedat impellerspeedsup to 7,000revolutions
per minute. The curvesin Figure7 showthat the power
requirementsof the two superchargersare equalat pressure
differencesof 4, 6.7, and 8 inchesof mercuryat drum
speedsof 1,000, 2,000,and2,500revolutionsper minute,
respectively..The variationof thesepressuredifferences
with the speedis due to the differencein mechanicaland
volumetricefficiencyfor theseconditions.

The weightsof air deliveredby thePowerplussuper-
chargerand a Roots superchargerat variousspeedsand
pressuredifferencesare shownin Figure8. Withno pres-
suredifferencethe Powerplussuperchargerdeliversless
air than the Rootsand the differencein air weightin-
creaseswith increaseof speed. At 12 inchesof mercury
pressuredifferencethe Powerplussuperchargerdelivers
approximately0.10pound of air per secondless thanthe
Roots at the low speedsand 0.14pouudper secondless at
the high speeds. On the basisof air weightsgivenin
Figure8 and thehorsepowersgiven in Figure7 the power
requiredby each superc-hargerto compressa definite
weightof air can be obtained. At a speedof 2,500revo-
lutionsper minuteand a pressuredifferenceof 12 inches
of mercury32.8horsepoweris requiredby the Powerplus
to deliver0.835pound.of airper secondand 38.3horse-
power is requiredby ‘theRootsto deliver0.9’7pound of
air per second. Assumingthat’the powervariesdirectly
as the weight,thenfor theseconditionsof pressureand
speedthe powerrequiredto compressonepound of airper
secondby thePowerplusandRoots is 39,3 and 39.5horse-
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power;re8pec%iTei.y.In a similarmannerthe

11

powerre-
quiredby each superchargerto compressa poun~ of airper
secondat otherconditionsof pressuredifferenceand’speed
was determinedand is presentedin thefollowingtable.

.,.
.,

T&6LEII
. .

:... . .

HORSEPOWERREQUIREDBY 31ACESUPERCHARGERTO ,

DELIVERONE POUNDOF AIR PER SECOND

SuperchargerSpeed- 1,000r.p.m.

Pressuredifference,in. of Hg o X2 15

I?.A.c.A.ROOtS supercharger,hp 0.294 42.6 64.5.
Powerplussupercharger,hp ,3.84 ‘49.6 90.6

“Super&rger Speed- 2s000r.p.m,,,
Pressuredifference,in. of Hg o 12 15

N.A.C.A.Roots supercharger,hp 0.954 39.? 5?.1

Porfe&plussupercharger,hp 6.57 39.55 59.8

SuperchargerSpee&- 2,500r.p.m.

Pressuredifference,in. of Hg o 12 15

N.A.C.A.Roots supercharger,hp 1.342 39.5 57.s,

Powerplussupercharger,hp 9.00 39.3 56.?

A studyof Table 11 showsthatbelow12 inchesof
mercurypressure &ifferencethe resultsare more favorable
to the Roots superchargerwhereasfrom 12 to 15 inchesof
mercurypressuredifferencethe.performancesare about
equalat speedsof 2.000re~olutionsper minuteand above-
At high-pressure&ifferences(above15 inchesof mercury)
theperformanceof the Roots superchargeris superiorto
that of the Powerplusexceptat speedsof 2,500revolu-
tions per minuteor higherwhere theperformanceof the
latteris slightlybetter. As designed,this supercharger
wouldbe most satisfact~ryfor conditionswhere thepres-
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suredifferencewas from 12 to 1!5inchesof morcuryc The
superchargercan,ho,wever,be designedfor otherpr&ssure
differences.

l?hecomparativevolumet$i’cefficienciesof the super-
chargersare shownin Figure.9 and.-the.slipspeed for each .
is shownin Xi&re 10, Theslip speedis a measure”in ‘-
terms”otisuperchargerspeedof th,equantityof air that .
slipstlack~at variouspressure.:rdiffereqces,“betweenthe
moving:partiaand the.c-~se‘ofthe supercharger.Theslip
speedsfor the,.Root”ssuperchargerwere det.errnined.byop-

—.-

eratingit at variouspressurediffer.encaswit-hthe iD-
take%locked. The valuesfor the slipspeedsobtainedby
thismethodon,aRoots-typestip,ercharg,er’should checkthe
speed,forzeroair deliy,eryat variouspressurediffer-

.— —

encesin Figure8. The”methodused for determiningthe
slipspeedof the,Roots superc~k-rggri~ “notsatisfactory .
for’determiningtheslip .speedoft-hePowerplus“because
evenwhen therois no difference.,iri,prosdhrebetweenthe
intakeand dischargetherei’sa certqi.n.amountof.slipin

,.

thePowerplus”whtchis causedby high-pressure@r. leak-
ing back betweenthe vapos’an”dthe.case,.From the curves

— —

in Figure8 for zdr.opressurediffo.rence,,theweightof . .
air that slips“backin theFowerplussupercharger.at.vari-
ous speedscanbe obtained“bysu~t~”actingthe air weight
givenfor the?owerplyis”from,theweightgivenfor the
Roots; ‘Notethatthe ~ifferencedecreasesgraduallyas
the speedis decreased~ ...

.- =-
The slipspeedsof t&i’~oWerFlus superc~a&&er”canbe ~

determinedfrom the @olurnetrieeffici~ncycurvesin Fig-
ure 9* For instance,at a pressur e”diff’tirenceof 1“5
igchell.ofmercu,r,yanda sjebd,of l,lOUOrpvolutionsper .
mintite~ke.volumetri~bfficienqyofthe.supercharger,is
46,5per cent,;The slipspeed.tiust~‘tlierefore,be 53.6 .
per cent or 535 revolutionsper minute. !l!he’”slip-speed
curvesin Figure10 for the Powerplussuperchargerwere
computedaccordingto thismethod. i~otethat,unlikethe
Roots supercharger,the slipspeedsfor the Foworplusin-
oreaaewith speedup to a pressuredlffereuceof about12
inchesof mercury. The slip-speedcurvesfor a speed.of
2,500revolutionsper minutemay be slightlyhigh because
themethodof computingtheseresultsneglectsthe Offect -----_
of charginglossesthatmay enterat this speed, IioweP-
er, on the basisof othertestsconductedwith a Roots-
type superchargerat speedsup to 6,000revolutionsper
minuteit is believedthatthe charginglosseswouldbe ,
negligibleat a speedof 2,500revolutionsper rninute~
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A comparisonof ,the~a”dka~aticefficiericiesof the

‘Powerplusand theRoots superchargersis shownin Figure
11. The adiabaticef~i..~,iencyof,%oth superch.arger,sde-
creaseswith increaseo“f,”speedat low pressure“differ-
ences,the effebt’be~igg”rnor~,noticeablei’rithe caseof the
Powerplussqperch~rg-er.A% high pressuredifferencesthe
efficiencyincrease~s’.withincreaseof speed..The Power-
plus superchargeris more efficientthanthe’Rootsat the
highpressuredifferences,but at the low pressurediffer-
encesthe resultsare more favorableto the Roots. These
efficienciesbear out what alreadyhas been statedwith ;
respectto .t.hehorsepower”iequiredby “eachsupercharger
for variousoperatingconditions.

●

The Powerplussuperchargeris more complicatedand
less reliablethanthe Roots..In thesetestsdifficulty
was experiencedwith the vanescontactingwit-hthe case, ~
whichplacedan excessiveload on the eccentrics.This
contactingof the vaneswas eliminatedat speeds.upto
2,500r.p.m.by scrapingthe case. At higherspeedsthe
vanescontactedeven afterapprox~mately0.006 to 0.030
inch of metalhad been removed. It is believedthatthe
contactingis due to distortionof the case and thatthe
designcouldbe modifiedto eliminateor reduceit. Wi‘th
this exceptionthis is a well-designedand constructed
superchargerand indicstesthat the manufacturershave ex-
ercisedgreatcareand paid considerableattentionto de-
tailsof lubricationand weightreduction.

CbiTCLUSION,S.

1. At,lowpressuredifferencesthepower required
“ by the Potverplussuperchargerto compressa definitea-a&n-
tityof air per secondis greater’at all speedsthan~lat
requiredly the N.A.C.A.Roots supercharger.At pressure
differencesfrom10 to 14 inchesof mercuryand speeds.
above2;000r.p.m.its performanceis aboutequalto that
of theRoots. At a pressuredifferenceof 15 inchesof
mercury,or greater,and a speedof 2,500r.pom.,ar great-
‘em~the performanceof thePo’iverplussuperchargeris slight-
lybbetterthanthat of theRoots.

2. The Powerplussuperchargeris not equalto the
Roots superchargerin reliability.
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Powerylus.stiperchargerof the samecapacity
superc!har.g.er’wouldbe considerablymore‘bulky.

+ This superchargeras designedwould be most sat-
isfactoryfor conditionswherethe dischargepressure
was about30 inchesof mercury,absolute;and thep,r’d,ssure
differencewas from 12 to 15 inchesof mercury. However,
the superchargercan be designedf“orotherpre~suredif-
ferences.
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Fig.3 SketchofPowerplusvane-typesuperckrger~
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—Powerplus (displacement,0.544cm.ft./revolution)
——— N.A.C.A.Roots(displacement,0.509cu.ft.revolution/

correctedto0.544cu.ft./revolution)
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—Powerplus (displacement,0.544cu.ft./revolution)
——— N.A.C.A.Roots(displacement,0.509cu.fto/revolution)
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